T REATED effluent from wastewater treatment plant (WWTP) offers significant water demand in all areas of activities in rural farm. This research evaluates the reuse of secondary treated wastewater (STWW) for irrigating crops, fresh vegetables and feeding fish farm. Physico-chemical, heavy metals and cytogenetic have been investigated. Intensive analyses of crops seeds, vegetables components, soil, dried sludge and fish organisms have been carried out. Results showed that the characteristics of secondary treated wastewater can be used for crops plantation and fish farming. Cytogenetic studies using Alliums' bio-tests were investigated. The concentrations of each: Cr, Pb, Co, Se, Ni, Cu, and Zn in STWW was less than 0.1 mg/l. Carbon content, nitrogen, and phosphorous were: 6.0; 1.2; and 0.1 mg/l, respectively fulfilling the requirements C: N: P ratios for plant growth. Results showed also that the irrigated crops and vegetables exhibited good growth. Analyses of roots, stems, leaves, seeds and sludge showed metals concentrations were within the permissible range. Tilapia fish showed noticeable vitality. Parasitological examination of fish revealed no parasitic cysts detected in the skin, gills and intestine, respectively. It showed no bacterial strains isolated from fish tissues. Macroscopically parameters as root length and shape look normal and healthy, while microscopically parameters showed no change of mitotic index, RDR, phase index, chromosomal aberrations of the bioassay plant tissues and do not stimulate specific type of chromosomal aberrations as well as percentage of chromosomal aberrations. All studied parameters were found in normal limits when compared with control values. This indicated the efficiency of the treatment system; hence STWW has no mutagenicity or cytotoxicity effects. Examined parameters in this study were found in normal limits if compared with trigger levels of treated wastewater.
Introduction
Egypt is producing up to 3.0 BCM/year of STWW, while undergoing 0.73 BCM primary treated wastes. Since 2008, water coverage reached 100% in all cities, while covered all villages in 2012. On the other hand, wastewater treatment facilities covered all cities since 2012, while covering about 24% of existing villages as reported by Holding Company for Water & Wastewater Authority [1] . For water quality agreement, broad checking programs appropriate where enormous of definite elements were examined for identified pollutants; risk evaluation could be accomplished based on the properties of the separate compounds [2] . Reuse is needed urgently to preserve what water is left and to improve the situation of water shortages. Non-conventional resources such as desalination, wastewater reuse & drainage water management are proposed to solve the limited rural sanitation with less than 14%. The treated wastewater has to be reused in agricultural sector to compensate the water scarcity and to face the increase of SWWT demand. This trial has been applied in Haram City farm (HCF) to evaluate the reuse of treated wastewater in agricultural sectors, its effect on soil properties and fish farming. Mendoza [3] assessed the influence of treated wastewater (TWW) on merlot grapes and the growth of cabernet sauvignon from Guadalupe Valley, Mexico. He stated that the leaves number/ shoot and the whole biomass improved in plants irrigated with TWW and production/plant of grape was higher by twenty percent. Moreover, the carbohydrates concentration, pH and organic acids were found in similar conditions as in grapes from vines irrigated with wastewater compared to that irrigated by ground water. Water challenges facing Egypt, with inadequate yearly quantity of rain enforced the country to be dependent mainly on the Nile River [4] . The quality of Nile water is quite high from Aswan to Cairo; this quality is highly decreased when the Nile splits into Rosetta and Damietta branches. This is due to the uncontrolled discarding of the agricultural, municipal and industrial [5] . Moreover, stress on the water resources due to population growth associated progresses led to noticeable water pollution [6] . TWW reuse in agricultural purposes is usually companied with evaluation of the water quality. So, many checking programs were crucial to be achieved. Hence many particular ingredients were verified for pollutants recognition, substance-definite, hazard evaluation with respect to genotoxicity can be completed, based on the properties of the separate ingredients [2] . Removal of heavy metals and other toxic pollutants were noticeably detected on using cement kiln dust as coagulant and adsorbent [7] . Domestic wastewater treatment for reuse was evaluated as an example in developing countries by El-Awady [8] . Moreover, results of physicochemical, and biological treatment of wastewater from the meat manufacturing industry as a case study in the 6-Oct. Industrial City was carried out showed a very good destruction of organic pollutants and settling of other suspended solids [9] . On the other hand, photocatalytic-Extended Biological and physico-chemical treatment of autoclave hospital wastewater was carried out with acceptable characteristics for reuse [10] . The anionic dyestuffs from aqueous and effluent liquors were totally removed at their optimum operating conditions on using Cement Kiln Dust [11] , while some hazardous anions were removed on using new anion exchange starch [12] . Treatment of wastewater for reuse was carried out using sequential anaerobic/ aerobic treatment technologies for reuse [13, 14] . El-Awady & Ali [15] implemented nonconventional treatment sewage sludge for reuse and applied a catalytic conversion of hydrocarbons via the using of cement kiln dust with high performance. In-addition, the utilization of cement kiln dust in domestic sewage sludge treatment for safe disposal and environmental protection was also widely used [16] . Moreover, Salem et al., [17] enhanced removal of dissolved iron and manganese from nonconventional water resources in delta district-Egypt was carried out and evaluated. The referred case studies were chosen to show that industrial wastewater should be treated before disposal onto sewerage network and to keep wastewater treatment facilities operating properly. Many advantages have been achieved with the decision to usage of wastewater in agriculture [18] , and water pollution creates a great health hazard to human, animals, and plants [19] . Among these hazards showed genotoxic and mutagenic effects that have the capacity to induce heritable destructions. It can lead to many health problems and destructions that affected next generations [20] . Many bioassays were accepted for ecological mutagens detection, as those plant assays were quite easy to implement, low-cost and offered wide ranges of hereditary endpoints [21] . Factors such as root growth, shape, incidence of mitosis and irregular cell division used to assess the mutagenicity, genotoxicity and cytotoxicity of ecological pollutant [22] . Many advantages were concluded from Allium test as genotoxicity screening assay [23] , whereas root wilting described toxicity [24] . Chemically induced chromosomal aberrations were mainly studied using plant material, such as Allium cepa [25] . Plants that grow in polluted soils when eaten by humans can lead to many health problems [26] like mental retardation, diarrhea, kidney and liver hurt [27] . Allium cepa considered popular edible crop in Egypt, hence this plant has been recommended to be used in the present study.
Materials and Methods

Materials
Treated wastewater: The secondary treated wastewater (STWW) from 6 October treatment plant outlet is the main source of water inlet to all activities of HCF. The field excrements were carried out in HCF, 6-October City, Giza, Egypt to investigate the effects of TWW in irrigation and dry sludge on the corn growth, quality traits and soil properties after harvesting.
Irrigation water analysis STWW from 6 October wastewater treatment plant (WWTP) was the source of HCF inlet. Physico-chemical and biological parameters were analyzed. Figures 1-1 and 1-2 show the irrigated plants of corn crop (Zea Mays L.) Variety Giza-352 triple hybrid corn yellow color that used by 14 kg grains/fed were grown in rows in May, 2014. Grains were planted in hill spaced at 30 cm at one side of the rows and 70 cm between rows; two weeks after emergency plants were thinned to one plant/hill.
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Soil analysis
Soil samples from depths of 0.0 -60 cm were collected and mixed from all plots. The soil and sludge samples were dried, sieved through 2 mm mesh and kept in plastic bags. All laboratories parameters: pH, EC, nutrients and heavy metals contents were analyzed according to the American Standard Methods, APHA [28] . The recommended agricultural practices of growing corn plants as: Pre-sowing, 150 kg/fed of calcium super-phosphate (15.5 % P 2 O 5 ) was applied to the soil. First, Nitrogen (ammonium nitrate 33.5% at rate of 100 Kg/fed) was applied after emergence at five equal doses before the 1 st , 2 nd , 3 rd , 4 th and 5 th irrigation runs. Potassium sulfate (48.50 %) was added at two equal doses of 50 kg/fed. Irrigation was carried out using the Furrow irrigation system, where STWW was added every 7 days. The samples of corn plants were taken at harvesting to investigate the flowing characters per one plant: height (cm), biological yield (g), grain yield (g), straw yield (g). Also Ear: length (cm), diameter (cm), and weight (g), were estimated. Numbers of: rows, No. of grains/ row, 100-grains weight (g) Shelling % in grains, Protein % in grains, Starch % in grains, Humidity % in grains, Oil % in grains, protein, starch, oil yields, nutrients and heavy metals grains contents were predicted. Samples from both leaves and fruits of Cucumis sativus that irrigated by STWW were taken then analyzed for heavy metals and nutrients to determine the effect of irrigation on the nutritional status of the plants. A sub-sample of each organic material wet digested with a mixture of percholoric and sulphuric acids, where the digested solution was analyzed for: N, P, K, Ca, Mg, Ni, Pb, Cd, Cu and NO 3 , respectively. Total N and P were determined using micro-kjeldahl, while total K was determined using flame photometer, Perkin Elmer. Ca and Mg were measured volumetrically. Cu, Ni, Cd, and Pb in leachates were determined using Atomic Absorption Spectrophotometer, Perkin Elmer, 2380. Nitrate content (%) in leaves and fruits were determined by extracting NO 3 from the samples. All analyses were carried out according to APHA [28] .
Cytotoxicity analysis Allium cepa bulbs have been used as a test bioassay plant to determine the potential cytotoxicity of STWW if found.
Test materials
Onion bulbs (Allium cepa) were obtained from local market. The tested water sample was taken from STWW plant to be reused in HCF located at 6-October Governorate.
Allium test
The Allium test was carried out as described by Rank [29] . Uniform sized onion bulb (10-30) g was selected. The outer loose scales were removed and scraped that the apices of the root primordial were exposed. Bulbs were submerged in STWW to about one-quarter the depth of the bulb. It was changed daily and the bottle tanks kept in the dark for the period of the experiment, where tap water was used as a control. Allium cepa bulbs were geminated in glass bottles for 48 hrs to ensure the emergency of roots. Seven bulbs were grown in STWW for 3 days, while water samples were changed daily. The root tips were used for cytogenetic investigation and analysis. Roots were fixed in ethanol: acetic acid (3:1) mixtures for 24 h; hydrolyzed in 1.0 M HCl for 10 min, then stained with aceto-orcien for 24 h. Root tips were cut-off in a drop of 45% acetic acid, macerated and squashed [30] . Three replicates were performed for each mentioned treatment and scoring about 2000 cells was done from 5 roots of each replicate. Mitotic Index (MI), frequencies of mitotic phases. RDR (relative division rate) was calculated by the formula [31] .
Mitotic abnormalities have been used as endpoints for determination of cytotogenetic effects, while %R of MI was calculated as the ratio between number of mitotic cells and total numbers of scored cells. The frequency of mitotic abnormalities was expressed as a percentage in relation to the number of cells in mitosis. The most frequent abnormalities are shown in photomicrographs.
Results and Discussion
Irrigation water analysis
Physico 
Soil and sludge analysis
Soil components and texture of the field are shown in Table 3 . It shows that the soil can be classified as sandy soil. Table 4 show the EC and pH values for sludge as well as soil profile. It is obvious that pH of the sludge and (soil/sludge) samples were partially acidic. This could be attributed to the accumulation of soluble sulfates and phosphates ions in sludge top soil layer and possibility of organic acids formation due to biodegradation of organic compounds in soils. These results are in accordance with Belyaeva [32] who found lower pH in the top soil due to adding of bio-solids. Heavy metals in Table 4 indicate that concentrations of Ni, Cu, Pb and Ni in sludge, soil and soil/sludge are below safety levels. These values point to low heavy metals contents in sludge, soil and soil/ sludge in comparable with safety levels. Similar results were observed by Ferrara [33] .
Results in
Corn grain yield and quality traits
Data in Table ( On the other hand; the results in Table 6 indicate that the concentrations of Pb, Ni, Cu and Cd in corn grains are less than the values of safety levels. It indicates low contents of heavy metals in corn grains as compared with safety rates. This means that the produced corn grains irrigated by STWW are suitable for edible consumption.
Results revealed that the proportion of elements: N, P, K, Ca & Mg in leaves and fruits option are in the natural rates of plant. As for the heavy elements; Cd, Pb, Cu, Ni are also allowed in the plant borders, while nitrates content is considered high for the plant eaten fresh Table  7 . Therefore precaution should be paid to the cultivation of vegetables assigned fresh such as lettuce and peppers where nitrate accumulates in the part eaten crops which affects human health and spreading diseases.
Fish examination and evaluation
Results showed that the parasitological examination revealed that no parasitic cysts were detected in the skin, gills and intestine, respectively. The bacterial infections of the collected fish showed no bacterial strains were isolated from the fish tissues. Results showed also that kidneys, livers and all cultivated plates revealed no observed bacterial colonies. In general, the clinical abnormalities of the examined Tilapia revealed apparently healthy fish. Histopathological studies of the gills appeared normally consist of 4 gill arches on either side or extending from floor to roof of the buccal cavity. Two holo-branches rows of filaments called primary lamellae project from the posterior edge of each gill arch. Anterior edges of the arches comprise gill rakers which keep the delicate filaments and support in food acquisition. Figure 1 shows no identified histopathological changes. The skin of Tilapia fish was relatively appeared normal consisting of an epidermis and dermis. The epidermis is several cells thick, made of stratified epithelium, a superficial epithelial layer, middle Malpighian cells, and a basal cuboidal to columnar cell layer that rests on a basement membrane. Big ovoid or cylinder cells with homogenously eosinophilic cytoplasm, and one or more centrally positioned nuclei, corresponding to the so-called club cells were dispersed at diverse levels in the epidermis. Mucous cells were seen superficially. Lipophores and melanophores may lie under the epidermis and at different levels of the dermis. The dermis consisted of collagenous connective tissue fibers that can be differentiated into upper stratum sponginum and inner stratum compactum. Scale pockets were found at different intervals in the skin. The dermis was bounded internally by a single layer of cells which separated from the deep hypodermis. The skeletal muscles, myomeres, are separated from each other by collagenous connective tissue septa as represented in Figs 2-1:2-4. Results showed that livers of some fish suffered from fatty changes. The hepatic cells lost their staining affinity because swollen and the cells were compressed against each others. These changes may be normal because the liver acted as fat storage, as indicated in Fig 2. Examination of the head kidney revealed that it was consisted of nephrons and interstitial lymphoid tissue. The consistent picture in the examined cases and abnormal changes were not commonly seen (Fig.  2-4) . Spleen revealed no changes could be seen.
Cytotoxicity analysis Macroscopic parameters
The Allium roots length were measured every 24 hours for 3 days. The records are shown in Table 8 , where in both samples and control no significant differences were recorded as well as the morphology of roots which can be used for detecting the toxicity of water, where they appeared healthy with normal ends as shown in Fig. 3 .
Microscopic parameters Mitotic index, RDR and phase index (MI)
Results showed non-significant change after the treatment of onions bulbs with the treated STWW sample when compared with control. The RDR gave positive value and Aberrations index (AI). Chromosomal aberrations show non-significant change. RDR had recorded a positive value. Phase index showed nonsignificance change, all as shown in Table 9 .
Chromosomal aberrations
Also, chromosomal aberrations percentage doesn't change significantly between water sample and control and almost all examined cells were normal as shown in Table 8 . Some aberrations were recorded but in the save limits. Micronucleus as well as stickiness showed the most frequent chromosomal abnormality types (Fig 4) .
In countries, where intended reusing wastewater discharges in husbandry, evaluation and conservation of its feature were crucial [34] . In this study cytotoxicity for water quality testing decides if STWW is safe for farm irrigation. Factors as root growth and shape, occurrences of mitosis and irregular cell division can be used to assessment TREATED WASTEWATER IMPACT ON RURAL GREEN FARM LIFE CYCLE, EGYPT the mutagenicity, genotoxicity and cytotoxicity of ecological contaminant [35] . Cytotoxicity of any compound could be determined by its capability to hinder or improve cell proliferation. Pollutants in water may interfere with mitotic index and lead to induce chromosome abnormality [36] . Results achieved no marked decrease in root length, root shape and root growth when compared with its control. It provides also, evidence of the tested sample neither inhibit root growth nor cause growth retardation. Allium test exhibited more sensitivity presented by severe inhibition in mitotic activity, increase of chromosomal aberrations percentage. In spite of the Allium test seem to be efficient in detecting genotoxic potential of water pollutants, each root wilting and plant growth retardation was followed by reduction of mitotic activity and existence of chromosomal abnormality [37] . Mitotic index used as a pointer of cell proliferation which measures the level of cells in the mitotic stage of the cell cycle. Hence, cellular death could be understood as the reduction in the mitotic index of A. cepa meristematic cells [38] . The mitodepressive effect was frequently used in locating cytotoxicity [39] . In this research, treated cells of A. cepa root tips with treated wastes showed no changes in mitotic index when compared with control. There were no significant alterations between treatment and control plants. This may cause that tested water sample was free from cytotoxicity elements. Chromosome abnormality analysis allowed to evaluate genotoxic properties and to estimate the clastogenic and aneugenic actions [38] . The chromosomal aberrations could be attributed to the obstruction of DNA synthesis or inhibition of spindle fiber development [40] . In this study, the chromosome abnormality observed were chromosome stickiness, bridges and micronucleus in non-significant values. These aberrations may be because of the result of treatment on the spindle development and thus lead to disorders of cellar division. Chromosomal found in this research not serious count. The impacts of using TWW due water shortage or as a fertilizer must be in careful and cushions ways. Nevertheless the positive outcome in Allium test must be used as an indicator of warning as a negative impact to environment and human health. Similarly, the incidence of mutagenic combinations in STWW needs additional handling to eliminate them.
Conclusion
Treated effluent offers significant water demand for irrigating in rural farms. Heavy metals concentration in STWW lay in irrigation acceptable limits, while: C, N, P are fulfilling their ratios for plant growth and exhibited good growth. Metals concentrations in roots, stems, leaves and seeds were within the permissible range. Parasitological examination of fish showed noticeable vitality, with no detected parasitic cysts in the skin, gills and intestine. STWW has no mutagenicity or cytotoxicity effects. It is recommended to avoid direct irrigation of fresh vegetables with this type of TWW. The tested water sample didn't change mitotic index of the bioassay plant tissues and not stimulate specific type of chromosomal aberrations as well as percentage of chromosomal aberrations. Morphology and length of plant roots look normal and healthy. Hence STWW sample has no mutagenicity or cytotoxicity effects, but it should be used carefully for restricted irrigation.
